Clinical isolates of fimbriated and nonfimbriated Klebsiella pneumoniae were examined for the ability to adhere to hamster tracheal cells cultured in vitro. Fimbriated-phase K. pneumoniae adhered preferentially to ciliated cells, whereas nonfimbriated-phase organisms were not adherent. The adherence was inhibited by D-mannose but not D-glucose, suggesting that type 1 fimbriae serve as the adhesin in the attachment process.
The ability of an organism to adhere to and colonize a mucosal surface is often a crucial step in an infectious process. This is likely to be the case in the respiratory tract, where colonization of the trachea would enable an organism to avoid the action of mucociliary clearance. Colonization and overgrowth of the area may then lead to the development of pneumonia, which is a common occurrence during extended hospital stays. A common organism causing bacterial pneumonia in this patient population is Klebsiella pneumoniae. The ability of encapsulated and nonencapsulated K. pneumoniae to adhere to buccal cells (9) and mouse tracheal rings (13) has been examined under in vitro conditions; however, these studies did not address the mechanism of attachment. To better understand how K. pneumoniae colonizes the respiratory tract, we have developed an in vitro adherence system by using hamster tracheal cells in tissue culture to study the initial step in the colonization process-bacterial adherence.
The methods involved in establishing the hamster tracheal cells in culture have been previously described in detail (11 (4) . Two strains were initially selected for use in this study: an organism recovered from a blood culture that failed to produce fimbriae after repeated passage (Fim-) and a fimbriated isolate (Fim+) recovered from a sputum culture. Stock cultures of these organisms were maintained in TSB at -70°C. Fim-and Fim+ isolates were prepared for adherence testing by inoculating TSB with a loopful of the stock culture and incubating the medium overnight at 37°C. The organisms were washed once in phosphate-buffered saline (PBS; pH 7.2) and suspended in PBS to a final concentration of 108 bacteria per ml. The resulting suspension was tested for mannose-sensitive hemagglutination of guinea pig erythrocytes (2) immediately prior to the addition of bacteria to the tracheal cells.
The in vitro adherence system was a modification of the procedure described by Ramphal and Pyle (13) . Fim-and Fim+ bacterial suspensions (0.5 ml) were added to the wells containing the tracheal cells, and the wells were incubated for 1 h at 37°C. Nonadherent organisms were removed by five rinses with PBS, and the filters were overlaid with 2.5% glutaraldehyde in 0. Fig. 1 . Since the Fim-organism represented only a single clinical isolate that could not be induced to produce fimbriae, the Fim+ isolate was serially passaged on agar medium to induce its nonfimbriated phase as previously described (7). After five passages on agar medium and an overnight growth in TSB, the organism was devoid of fimbriae as revealed by transmission electron microscopy ( Fig. 2) and by the failure to hemagglutinate guinea pig erythrocytes. The fimbriated phase of the organism, maintained throughout in TSB, continued to express fimbriae (Fig. 2) and hemagglutinated guinea pig erythrocytes in a mannose-sensitive manner. The organism in its fimbriated and nonfimbriated phases was then tested for the ability to adhere to the tracheal cells. As before, fimbriated organisms adhered to the ciliated cells (23.5 ± 11.8 bacteria per ciliated field). However, the organism in its nonfimbriated phase lost the ability to bind to the cells (0.06 ± 0.05 bacterium per ciliated field). Neither phase showed any appreciable adherence to nonciliated cells.
D-Mannose is a known inhibitor of bacterial adherence to mammalian cells mediated by type 1 fimbriae (2, 4-6). Since the results of the initial studies suggested that type 1 fimbriae mediated the adherence of K. pneumoniae to the ciliated tracheal cells, experiments were initiated to determine the effect of the carbohydrate on adherence (Table 1) . D-Mannose and D-glucose, at concentrations of 10 mg/ml in PBS, were used to suspend the Fim+ strain for adherence testing. All other procedures were as previously described. The results indicated that D-mannose almost totally inhibited the adherence of the organism to ciliated tracheal cells (98.5% decrease; P s 0.05). D-Glucose had no inhibitory effect on adherence.
The results of this study suggest that type 1 fimbriae serve as the adhesin that binds K. pneumoniae to ciliated tracheal epithelial cells. The specificity of the organism for adherence only to ciliated tracheal cells is not surprising, since other respiratory tract pathogens such as Bordetella pertussis (1, 12) and Pseudomonas aeruginosa (8) have also demonstrated preferential binding to these cells. Whereas P. aeruginosa appears to have at least two adherence mechanisms for the respiratory tract epithelium (3, 10, 14) , it appears that type 1 fimbriae act as the sole adhesin for K. pneumoniae. This is based on the observations that D-mannose almost totally inhibited the ability of the organism to adhere to the tracheal cells and that induction of the nonfimbriated phase eliminated the ability of the organism to adhere. Further adherence studies are warranted to determine whether other members of the family Enterobacteriaceae use type 1 fimbriae as a means of attachment in the respiratory tract. Such knowledge could facilitate preventive therapy to avoid respiratory tract colonization of hospitalized patients with these potential pathogens.
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